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(57) [Abstract] 

[Objective] This relates to the soiling preventive low reflective index glass which is used for 
the front side glass of those such as personal computer CRT, solar batteries, and solar water 
heaters. 

[Construction] This is the soiling preventive low reflective index glass which is 
characterized by being comprised of a reflection preventive membrane made of a porous 
material on the surface of a glass substrate, and a soiling preventive layer formed on the 
surface of said reflection preventive membrane which is constructed with at least two kinds 
of fluoroalkylsilanes which differs in the length of their molecular chains. 
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[Claims] 

[Claim 1] The soiling preventive low reflective index glass which is characterized by being 
comprised of a reflection preventive membrane made of a porous material on the surface of 
a glass substrate, and a soiling preventive layer formed on the surface of said reflection 
preventive membrane which is constructed with at least two kinds of fluoroalkylsilanes 
which differ in the length of their molecular chair\s. 

[Claim 2] The soiling preventive low reflective index glass described in Claim 1 where the 
above mentioned two kinds of fluoroalkylsilane are heptadecafluorodecyl trichlorosilane 
and trifluoropropyl trichlorosilane. 

[Claims] The method for the manufacturing of soiling preventive low reflective index glass 
which is characterized by the soiling preventive layer being formed on the surface of said 
reflection preventive membrane by treating the surface of a glass substrate and forming a 
reflection preventive membrane made of porous material, treating the surface of the 
aforementioned reflection preventive membrane with fluoroalkylsilane possessing a 




Lang. Serv. Ident. No. 484-4 



(3) 



molecular chain length of more than 1.5 nm, and thereafter treating it with 
fluoroalkylsilane possessing a molecular chain length of less than 1 nm. 

[Claim 4] The method for the manufacturing of soiling preventive low reflective index glass 
described in Claim 1 where the aforementioned soiling preventive layer is formed using the 
gas phase method. 

[Detailed Explanation of the Invention] 
[0001] [Industrial Application Area] 

This invention relates to the soiling preventive low reflective index glass which is 

used for the front side glass of personal computer CRT, solar batteries, and solar water 

heaters. 

[0002] [Prior Technology] 

Along with the rapid development of the recent office automation, eye fatigue due to 
extended CRT work has become a problem. To ease this problem, reflection preventive glass 
has been used on the front side of CRT displays. Also, at present, energy-environmental 
problems are being focused upon, and the importance of effectively utilizing clean energy 
such as from the sun has increased. As related to this issue, by utilizing a low reflective 
index for the front side glass of solar batteries and solar water heaters, the photoelectric and 
photoheat energy conversion efficiency can be elevated. 

[0003] As a method to make the reflective index of the glass small, broadly speaking, there is 
the utilization of (i) a low refractive index membrane and (ii) a multiple layer interference 
membrane. Reduction in the reflective index by a low refractive index membrane is based 
on the optical interference effect. Theoretically, the light reflective index at a wavelength of 
X becomes 0 when the optical membrane thickness of the covered membrane is A, = 4 (A, is 
the wavelength) and also when the refractive index (nf) of the covered membrane at a 
wavelength of X and the refractive index (ng) of glass has a relationship of nf = ng^/^. 
Because ng is approximately 1.5, materials where nf = 1.22 are suitable. In reality, MgF2 (nf = 
1.38) possessing a refractive index near this or cryolite (AlFs-SNaF r\f = 1.33) are used. 

[0004] The multiple layer interference membrane is based on the optical multiple layer 
interference theory and is high refractive index membranes and low refractive index 
membranes sequentially laminated; is possible to reduce the reflective index at wide 
wavelength zones compared to single layer membranes. In terms of material, MgF2 is 
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normally used as the low refractive index membrane, and SiOz (nf = 1.46) as the high 
refractive index membrane. 

[0005] As one method among reductions in the reflective index by low refractive index 
membranes, there is the use of a porous layer, and this utilizes the skeleton layer of the low 
refractive index obtained at the time the surface of the glass is treated with inorganic acid. 
For ordinary reflection preventive glass, a porous layer which possesses a sufficiently small 
hole diameter (less than 3 nm) relative to the wavelength of light and a membrane 
thickness of less than about 1000 nm is used to prevent light scattering. This porous layer is 
formed by removing from the surface layer compositions such as sodium and potassium, 
which are examples of composition other than silicon oxide in the surface layer of the 
substrate, into a liquid solution by soaking the silicate glass substrate in a silica over- 
saturated solution of hydrofluosilic acid of 1 - 4 concentration per one liter for 1 - 4 hours at 
25 - SO^C 

[0006] The diameter of each skeleton of the skeleton layer so obtained is a few nm a few 
tens of nm. Also, the thickness of the skeleton layer becomes larger by extending the contact 
time of the substrate and the over-saturated liquid solution of hydrofluosilic acid, but 10 nm 
- 300 nm is appropriate. If it exceeds 300 run, the transparency of the glass product becomes 
lowered and is not preferred. 

[0007] [Problems Solved by the Invention] 

As the aforementioned reflection preventive performances are compared, generally, 
the multiple layer interference membrane and the porous layers are especially excellent. 
However, the multiple layer interference membrane is not only difficult in terms of 
controlling the membrane, but it is also high in cost. These are the unavoidable problems of 
multiple layer membranes. 

[0008] On the other hand, the porous layer is advantageous in terms of cost inasmuch as it 
from a one layer treatment, but it soils easily due to its surface being protruded and recessed, 
and they are difficult to remove. Moreover, there is a problem in that if the soil removal is 
done too harshly, the surface is easily scratched. Also, soiling on CRT front side glasses 
makes images difficult to see, and also, if the soiling is attached to the front side glass of a 
solar battery and solar water heater, lowering of the energy conversion efficiency is invited. 

[0009] This invention has its objective in presenting a soiling preventive low reflective 
index glass which solves the deficiencies described above, possesses a reflection preventive 
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function, and simultaneously possesses an excellent soiling preventive function which 
makes it difficult for soiling to attach. 

[0010] [Method for Solving the Problem] 

That is to say, this invention is the soiling preventive low reflective index glass which 
is characterized by being comprised of a reflection preventive membrane made of a porous 
material on the surface of a glass substrate and a soiling preventive layer formed on the 
surface of the said reflection preventive membrane, and it is constructed with at least two 
kinds of fluoroalkylsilanes which differ in the length of their molecular chains. 

[0011] As the material to form the soiling preventive layer for this invention, 
fluoroalkylsilane is preferred for possessing a low refractive index and surface energy as well 
as possessing chemical bonding with the surface of the porous layer; especially, those 
constructed with at least two lands of fluoroalkylsilane which differ in the lengths of their 
molecular chains are preferred. 

[0012] As the at least two kinds of fluoroalkylsilane which differs in the lengths of their 
molecular chains, long chain fluoroalkylsilanes which are more than 1.5 nm in molecular 
chain length and short fluoroalkylsilanes of less than 1 nm in molecular chain length can be 
listed. These fluoroalkylsilanes must have a hydrolysis group such as the alcoxy group, 
alcoxyl group, and chlorine at one end in order to bond with the glass surface. Among 
them, chlorine is preferred as the hydrolysis group from the viewpoint of its reaction 
property, and those possessing functional groups such as 3 chlorines per molecule are 
preferred from the viewpoint of their bonding force. 

[0013] One example of a long chain fluoroalkylsilane possessing a molecular chain length of 
more than 1.5 nm is expressed with CF3(CF2)nCH2CH2SiCl3, n > 5. However, if n is too 
large, it becomes difficult to handle due to being cured at room temperature; as such, about n 
= 7 (octadecafluorododecyl trichlorosilane, hereafter abbreviated as FHTS, molecular chain 
length = 1.80 nm) is appropriate. Also, n = 6 (hexadecafluorononyl trichlorosilane, 
molecular chain length = 1.70 nm) and n = 8 (octadecafluorododecyl trichlorosilane, 
molecular chain length = 1.96 nm) can also be used. One example of a short chain 
fluoroalkylsilane (molecular chain length of less than 1 nm) can be expressed by n < 3. 
Further, from the reason stated above, because the smaller the molecular size is the more 
effective it is, n = 0 (trifluoropropyl trichlorosilane, hereafter abbreviated as TFTS, 
molecular chain length = 0.89 nm) is appropriate, n = 1 (pentafluorobutyl trichlorosilane. 



Lang. Serv. Ident No. 484-4 



(6) 



molecular chain length = 1.02 nm) and n = 2 (heptafluoropentyl trichlorosilane, molecular 
chain length = 1.16 nm) can also be used. 

[0014] As the material to form the soiling preventive layer for this invention, the reason it 
is constructed with at least two kinds of fluoroalkylsilane which differ in the lengths of their 
molecular chains is as follows. Previously, the present inventors discovered that treatment 
using fluorosilane series materials which were smaller in their refractive index and surface 
free energy were especially effective Q.P. Hei. 5 - 65510; Application Date: March 24, J.P. Hei. 5 
(1993)). Further, even for fluoroalkylsilanes of the same series, because the surface free 
energy diminishes along with an increase in the length of the molecular chain, generally, 
the use of a long chain fluoroalkylsilane became desirable for the purpose of the soiling - 
preventive treatment. Nevertheless, in the case of a surface of porous glass substrates such 
as the one for this invention, pores possessing a pore diameter of less than 2 nm exist 
numerously on this surface. Theoretically, if molecules possessing a molecular chain length 
of more than 1 nm are used, the covering of irmer surface of the pores becomes imperfect. 
Conversely, in the case of treatment with fluoroalkylsilane possessing a molecular chain 
length of less than 1 nm, the intramolecular mutual action is too small and the molecular 
orientation property becomes poor; as such, a sufficient soiling preventive effect cannot be 
obtained because the arrangement of the fluoroalkylsilane on the surface of the porous 
reflection preventive membrane becomes insufficient. 

[0015] For this invention, by doing treatment with a long chain fluoroalkylsilane possessing 
a molecular chain length of more than 1.5 nm in the first step and doing treatment with a 
short chain fluoroalkylsilane possessing a molecular chain length of less than 1 nm in the 
second step, the short chain fluoroalkylsilane of less than 1 nm is arranged in the inner part 
of the pores of the porous reflection preventive membrane, and the long chain fluoroalkyl- 
silane of more than 1.5 nm is arranged on the outer surface of the porous reflection 
preventive membrane. As a result, a low reflective glass is obtained which excels in 
durability and in its soiling preventive performance more than those treated with a single 
fluoroalkylsilane. Also, in cases where it is treated with a short chain fluoroalkylsilane 
possessing a molecular chain length of less than 1 nm in the first step and a long chain 
fluoroalkylsilane possessing a molecular chain length of more than 1.5 nm in the second 
step, the short chain fluoroalkylsilane is not only limited to the inner part of the pores of the 
porous reflection preventive membrane, but it can also be arranged on the outer surface; 
even if it is treated with the long chain fluoroalkylsilane thereafter, the short 
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fluoroalkylsilane continues to be arranged as is, and therefore, effectiveness cannot be 
obtained. 

[0016] For this invention, the total weight of fluoroalkylsilane attached to the porous 
reflection preventive n\embrane is 0.1 - 0.5 micrograms per 1 square cm of glass substrate 
surface dimension, and the proportion of the long chain fluoroalkylsilane and the short 
fluoroalkylsilane is a weight ratio in the range of 5 : 1 1 : 5. However, these weights and 
proportions are determined based on the size and distribution of the pores in the porous 
reflection preventive membrane, and in practice, they are difficult to control. 

[0017] As a treatment method of the fluoroalkylsilane, the liquid phase method (for 
example, R. Maoz and J. Sagive, J. Colloid Interface Sci,. 1984, 100, 465) can be lased. However, 
in consideration of the ease of molecule dispersion into the pores of a convex and concave 
plate, the chemical vapor surface modification (CVSM) method is especially excellent. The 
vacuum degree in the CVSM treatment is set so that a sufficient vapor pressure of the water 
repellent agent is obtained. Normally, about 10 Torr is sufficient even though it differs 
according to the kind of water repellent used and the treatment temperature. 

[0018] In order to promote the reaction with the surface of the substrate, it is useful to heat 
the substrate. The heating temperature differs according to the substrate surface material 
characteristic and the kind of treatment agent, but approximately SO^C is sufficient when 
Si02 or a glass surface is treated with a treatment agent in which a chlorine group is made 
the functional group. 

[0019] [Practical Example] 

Below, the water repellent glass related to the practical example of this invention 
shown in Diagram 1 will be explained in its detail. Diagram 1 shows a vertical cross 
sectional plane of that where a soiling preventive treatment has been administered to soda 
lime glass on the surface of which a porous reflection preventive membrane has been 
formed. 1 is the glass substrate, 2 is the porous low reflective index membrane, and 3 and 4 
are respectively the long chain and short chain fluoroalkylsilane molecules which form the 
soiling preventive layer. 

[0020] After the soda lime glass plate was soaked in a 1.0% hydrofluoric acid solution for 30 
minutes and the surface soiling was eliminated, it is washed with water. Next, silica gel 
powder was dissolved in hydrofluosilic acid possessing a concentration of 2.0 mol per 1 liter 
at a temperature of 35^C until saturation was reached, that is to say, 20 grams per 1 liter; 
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further, by addmg 0.005 mol of boric acid per 1 liter, a silica over-saturated solution was 
prepared. The glass substrate described above was soaked in this solution for 100 minutes, 
and a reflection preventive membrane made of a skeleton porous material possessing a 
thickness of about 90 nm was formed on the surface of this glass plate. Thereafter, it was 
washed and dried. Next, this reflection preventive glass substrate was set in a vacuum 
chamber and decompressed to about 10 Torr with a vacuum pump. The internal 
temperature of the chamber was raised to SO^C using a heater. 50 \iL of hexadecafluorodecyl 
trichlorosilane (HFTS) was inserted with a syringe. After vacuum pulling it for 2 minutes 
with a vacuum pump, it was reacted for one hour with the vent closed. The vent was 
opened, the temperature was raised to lOO^C, it was further heated for one hour, and the 
excess HFTS was removed with a cold trap. In continuation, the TFTS treatment was 
performed under the same conditions. 

[0021] Because it is thought that the smaller the glass surface free energy is, the more 
difficult it is for soil to attach, the contact angle with water was adopted as an indicator of 
soiling difficulty. Also, changes in the contact angle over time against water after being 
soaked in boiling water for a prescribed period were examined as one measurement of the 
membrane strength (durability). The results are shown in Diagram 2. Based on this, the fact 
that the initial contact angle of the HFTS (shown by a in the Diagram) treated sample was 
larger than that of the TFTS treated sample (shown by b in the Diagram), and that the initial 
angle of the HFTS/TFTS two step treated sample (shown by c in the Diagram) was larger 
than that of the HFTS treated sample became clear. Further, a reduction in the contact angle 
by the boiling test over time was recognized in all samples. By focusing on the degree, the 
sequence was TFTS > HFTS > HFTS-TFTS 2 step, and it became clear that the two step 
treatment of this invention excelled the most in durability. 

[0022] Firstly, with regard to the HFTS treated sample, as the same appraisal was performed 
by heating it for one hour at a temperature of SO^C and further for one hour at a temperature 
of lOO^C without adding TFTS, it became clear that the rate of change in the initial contact 
angle and the boil contact angle were almost the same as with the HFTS treated sample. 

[0023] From the results above, it could be understood that based on the HFTS/TFTS-2 step 
treatment, the soiling preventive property of the glass surface was elevated and 
simultaneously, the durability of the membrane could be elevated. This is considered to be 
due to the inner surface of the pores not completely covered with the HFTS molecules in 
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the first step treatment process because they were too small being now covered with TFTS in 
the second step treatment process. 

[0024] Diagram 3 is a visible light reflective index spectrum. The reflective index of ordinary 
soda lime glass (a in the Diagram) is 8 9%, and by forming a porous layer on its surface, this 
reflective index becomes severely small (reflective index at 500 nm, A500 = 0.93; the 
wavelength of light showing the smallest reflective index = 500 nm) as shown by b in the 
Diagram. By forming a HFTS soiling preventive layer (c in the Diagram) and further a 
HFTS + TFTS soiling preventive layer (d in the Diagram), the reflective index gradually 
increases (respectively, A500 = 2.91 and 0.34; the wavelength of light showing the smallest 
reflective index = 520 nm and 570 run), but in comparison to soda lime glass, it became clear 
that the reflective index at 500 run is controlled at less than 40%. Also, relative to c in the 
Diagram, the fact that the wavelength showing the smallest reflective index becomes large 
indicates that gaps (air) are present in the inner part of the pores in cases where the soiling 
preventive layer was only with HFTS, but with the HFTS + TFTS soil preventive layer (d in 
the Diagram), the TFTS was filled. 

[0025] [Effectiveness of Invention] 

As explained thus far, the soiling preventive low reflective index glass of ihis 
invention clearly possesses an excellent soiling preventive function while simultaneously 
making it difficult for soils to attach. Accordingly, the soiling preventive low reflective 
index glass based on this invention is capable of appropriately being used for the soiling 
preventive low reflective index glass used as the front side glass of personal computer CRT, 
solar batteries, and solar heaters. 

[Brief Explanation of the Diagrams] 

[Diagram 1] Diagram 1 is a vertical cross sectional model explaining the construction of the 
soiling preventive low reflective index glass of this invention. 

[Diagram 2] Diagram 2 is a graph expressing the contact angle boiling time dependency of 
the soiling low reflective index glass of this invention against water. 

[Diagram 3] Diagram 3 is a graph expressing visible light reflective spectrum of the soiling 
preventive low reflective index glass of this invention. 
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[Explanations of the Numerics] 

1 Glass substrate 

2 Reflection preventive (porous) membrane 

3 Long chain fluoroalkylsilane 

4 Short fluoroalkylsilane 

5 Soiling preventive layer 
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